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METAL OXIDE DISPERSIONS 

Field of Invention 

This invention relates to dispersions of metal oxides and fn particular to dispersions 
5 °f JMeffl oxides in a siioxane fluid dispersing medium haying a poiysiioxene confining- 
a carboxyf group as di$persing agent. 
Background 

Metal oxides sugh as titanium dioxide, zinc oxide and iron oxides have been 
employed as attenuators of ultraviolet Irght in applications such as sunscreens, plastics 
1 0 films and resins. Generally, metal oxides which are useful in these applications have 

an average primary particle size less of than 200 nm. Dispersions of such metal 
oxides In certain oily media and in wbIbt are known'and these dispersioris'have been * " 
used to formulate products such as sunscreening creams and lotions. The availability 
of the metal oxide in the form of a dispersion which is subsequently mixed with other 
15 conventional formulation Ingredients to prepare a product has been shown to be 

advantageous fn preparing the products. 

The use of siioxane or spoons based ofis in cosmetics has become popular 
because they can produce an improved s£i feel. Hence, metal oxide dispersions in 
siioxane based dispersing media are desirable. Such dispersions have been difficult 
20 topraducci; ^ 

Prior Art 

EP-G553336-A disclosed a method for producing a dispersion of ultraviolet 
shielding fine particles in a silicone oil using a modified silicone or reactive silicone 
dispersant and a mill or high pressure dispersion treatment EP-0953335-A rs 
25 particularly directed to the use of oxaaoline-modlfied silicones, amino-rnodifted 

silicones and paJyether-modified silicones. EP-Q953336-A discloses g maximum 
concentration of 40% by weight of particles, although the examples in the patent 
specification contain significantly lower amounts of particles. There is a need for a 
silOKane or silicone based dispersion containing a higher concentration of particles, in 
30 order to improve the flexibility to th$ sunscreen fornicator. There is also a 

requirement for such a dispersion to have improved properties, such as stability and 
optical characteristics- 
Summary of the Invention 

We have now surprisingly discovered a dispar§?cn 5 which overcomes or 
35 significantly reduces at least one of the aforementioned problems. 

Accordingly the present invention provides a dispersion comprising particles of 
metal oxide dispersed in a siioxane fluid and a dispersing agent which is a 
polysiloxane comprising in the rgnge from 0.1 to 3 carboxyj groups per molecule. 
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The invention further provides a method of preparing a dispersion of metal oxide 
which comprises milting with a particulate grinding medium particles of metai oxide in 
a siloxane fluid in the presence of a dispersing agent which is a polysiloxane 
comprising in the range from 0.1 to 3 carboxyt groups per molecule. 

5 ,Bydispers^ 

aggregation. The particles in the dispersion are relatively uniformly dispersed and 
resistant to settling out on standing, but if some setting out does occur, the particles 
can be easily redisper&ed by simple agitation, 

The polysiloxane dispersing agent is preferably a polyalkylsiloxane, wherein the 

10 alkyi groups are preferably tower alkyi, such as C 1-5 , more preferably C^a* and 

particularly methyl groups. 

.v,-s*^ v ...«^v^^^- - ,^,By.-a©rboKyl^roup^f ih^ pdysiio^n© is ms®nt a free functional -cartpoxyl. group- . , 

and/or ester and/or salt derivative thereof. Suitable ester groups include lower alkyi, 
such as C^, preferably O^, and particularly methyl -groups. Suitable salt derivatives 
15 1 include metal, such as alkali metal, preferably sodium or potassium. In a preferred 
embodiment of the invention, the carboxyl group of the polysiloxane is in the form of 
the free acid and/or salt thereof, and more preferably in the form of the free acid. 

The polysiloxane suitably comprises in the rang^;f|om 0.5 to 3, preferably 0.8 to 
2.5, more preferably 0.9 to 2, -.particularly 1 to 1 .5, and especially 1 .1 to 1 .4 carboxyl 
20 * groups (or carboxyl group eontainlng monomer units) per molecular in a preferred 
embodiment, a mixture of polysiloxane molecules containing different numbers of 
carboxyl groups are employed, and therefore the number of carboxyl groups per 
molecule is an average value {by number) and may be a non-integer. 

In addition, the polysllofcane suitably comprises in the range from 20 to 500, 
25 preferably 30 to 200, more preferably 40 to 1 50, particularly 50 to 120. and especially 

60 to 100 non-carboxyl group containing monomer units per molecule. 

The ratio of non-carboxyl group containing monomer units to carboxyl group 
containing monomer units in the poiysiioxane is suitably in the range from 30 to 1 50; i , 
preferably 40 is> 1 00;1 , more preferably 45 to 75:1 , particularly 50 to 70:1 , and 
30 especially 55 to 65:1. 

The carboxyl group(s) is preferably attached terminally and/or laterally, more 
preferably laterally, and particularly only laterally, to the polysiloxane chain suitably 
through a hydrocarbon linkage which may contain a hetero atom. In a preferred 
embodiment of the invention, the carboxyl group is attached through a hydrocarbon 
35 linkage which comprises a pyrrolidane group. 

The polysiloxane suitably has a molecular weight (number average), preferably 
measured by gel permeation chromatography, in the range from 500 to 5Q T 000, 
preferably 2,000 to 20,000. more preferably 4,000 to 15.000, particularly 5,000 to 
10,000* and especially 6,000 to a„000. 
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The polysiloxane suttably has a viscosity in the range from 0.05 to 1 50. preferably 
0.1 to 50, more preferably 0.2 to 1 0, particularly 0.5 to 5, and especially 0.7 to 1 .2 
Pa.s. 

The polysiloxane preferably has the formula (1) below: 



I 

Ri~Si - 



Rz 



I 

-O —Si- 

I 

R4 



-O -Si> 



Rz 



-O — Si 



(1) 



Ra 



wherein: R v whioh can be the same or different, fe selected from R 2 , H, a primary 
amine containing group, and a pyrrolidpne containing a carboxyi group and/on ester 
and/or salt derivative thereof of the formula (2): 




1 o wherein 0, 1 to 3 of the R, groups is of the form ula (2); 

F, can be the same gr different, is linear or branched alkylene of 1-12 carbon 
atoms; 

n is zero or 2; n 1 is zero or 1 ; n 2 is zero or 1 : with the proviso that when n is 0 end 
n 2 is 1, n 1 is 1 , when n is 2 and n2 i s 1 , n 1 is 0 or 1 and when n is 2 and n 2 is 0, n 1 
15 isO; 

B is -NR 9 , sulphur (S) or oxygen (O), wherein Rg is hydrogen or lower aikyi (C^©), 
R £ can be the same or different and is selected frcm alky!, sry! and ciefinic (vinyi); 
R 3 and R 4 , can be the same or different, am selected from afkyl, aryl. capped or 
uncapped polyoxyaikytene, alkaryl, aratkytene and alkenyl; 
20 R 5 is hydrogen, tower alkyJ {C^ s > or a metal; 

e can be an integer in the range from 10 to 1,000; and 
b can be an integer in the range from 0 to 3- 
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In a preferred embodiment of the invention. R 5 is hydrogen or alkali metal, more 
preferably hydrogen/ R t is preferably or a pynrolidone containing a carboxyt group 
and/or ester and/or salt derivative thereof. At least pne teteraNy linked group is 
preferably a pyrroHdone containing a earboxyl group and/or ester and/or salt derivative 
thereof, R 3 and are preferably afkyl, more preferably lower alky! 0^ t particularly 
C^, end especially methyl. 

Suitably a, which may be an integer, is in the range from 20 to 500, preferably 30 to 
200, more preferably 40 to 150, particularly 50 to 120, and especially 60 to 100. In 
addition b, which may be an integer, may be In the range from 0.1 to 3, suitably 0.5 to 
3, preferably 0-8 to 2.5, more preferably 0.9 to 2, particularly 1 to 1 .5, and especially 
1 .1 to 1 .4. The ratio of a:b is suitably in the range fram 30 to 1 50:1 , preferably 40 to 
100:1 , more preferably 45 to 75:1, particularly 50 to 70:1 T and Dspeoialfe 55 to 65:1. ^ ^ 

Both terminal R t groups are preferably R 2 - Rg is preferably alkyl, more preferably 
lower alkyl C q . fil particularly C^, and especially methyl. B is preferably -NR9- In a 
particularly preferred embodiment of the invention, n is 2, n 1 is 0, n 2 is 0 and F is CH 2 
or n is 2, n 1 is 0, n 2 is 1 , B is NCH 3 and F is CH 2 , and especially n is 2, n 1 is 0, is 0 
and F is CH 2 - 

In a particularly preferred embodiment of the invention, the polysiloxane dispensing 
agent preferably has the formula (3) below: 



CH 3 
I 



O-Si 



CH3 l_ GHg_ 



-O — Si- 



a L (CH 2 ) 3 J 



CH 3 



-O — Si — CH 3 
I 

CH 3 



Q - N 



(3) 



OX 



wherein X is hydrogen or alkali metal, a, b, and the ratio of a:b are as defined 
above. 

US-5596061-A, the teaching of which is incorporated herein by reference, 
discloses suitable polysiloxanes containing a carboxyl group, and methods of 
synthesis thereof, for example by reacting a polysifoxane having a functional primary 
amine group with rtacanrc acid. 



i 00886 19 <:1 3-D cc-03 ;;P2;52 '] 
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The amount of polysiioxane dispersing agent present in the dispersion according to 
the present invention is preferably in the range from 1 to 60% F more preferably 3 to 
40%, particularly 5 to 30%. and especially 6 to 25% by weight based on the weight of 
particles of metal oxide. 
5 Preferably the metal oxide used in the invention comprises an oxide of trteniurn, 

zinc or iron, more preferably is titanium dioxide or zincs oxide, and particularly zinc 
oxide. 

The average primary particle size of the particles of metal oxide is preferably less 
then 200 nm. and where the particles are substantially spherical then this stee will be 

10 taken to represent the diameter. However, the invention also encompasses particles 

of metal oxides which are non-spherical and in such cases the average primary 
particle size refers to the largest dimension. The average particle size which 
characterises the metal oxides used in the invention is the average size of primary 
particles, this average size typically being determined by electron microscopy. The 

1 5 size therefore relates to particles of metal oxide which are not aggregated. Frequently, 

the primary particles consist of single crystals but may also comprise several crystals 
fused together, 

i . , . s> , Preferably the average primary particle size of the particles is in the range from 5 to \* • 

150 nm, and more preferably 10 to 100 nm when they are substantially spherical. For 
20 titanium dioxide particles having m actaular shape fh<e average largest djmer^^n of - - 

the primary particles is preferably less than 150 nm. and more preferably in the range 
from 20 to 100 nm. 

When the metal oxide is titanium dioxide the particles are preferably acicular in 
shape and have a ratio of largest dimension to shortest dimension in the range from 

25 1 0:1 to 2:1 . Also, when the metal oxide is titanium dioxide the amount of polysiloxane 

dispersing agent present in the dispersion is preferably in the range 5 to 60%, more 
preferably 9 to 40%, particularly 12 to 30%, and especially 15 to 25% by weight based 
on the weight of particles of titanium dioxide, : 
When the metal oxide is zinc oxide the particles suitably have an average primary 

30 particle size in the range from 30 to 100 nm, and preferably 60 to 90 nm. Also, when 

the metal oxide is zinc oxide the amount of polysiloxane dispersing agent present in 
the dispersion is preferably in the nange 1 to 25%. more preferably 3 to 18%, 
particularly 5 to 12%. and especially S to 9% by weight based on the weight of particles 
of zinc oxide. 

35 ' The particles of metal oxide may comprise substantially pure metal axEfe but 

preferably also carry an inorganic coating. For example, particles of titanium dioxide 
can be coated with oxides of other elements such as oxides of aluminium^ zirconium 
or silicon and a form of acicular titanium dioxide, coated with alumina and silica, which 
is especially useful in the process of this invention Is disclosed in GB-2205088-A. 



11 DEC 2003 15=00 FROM TO 901633B14444 P. 09/14 

UQ] 51122 



Alternatively, particulate metal oxides which carry alumina as the only inorganfc oxide 
coating have also been found to be useful In this invention. The preferred amount of 
inorganic gosling Is in the range 4 to 20 per cent by weight, calculated as i norganlq 
wide wrth respect to weight of metal oxide core particles. More preferably, the 
5 amount of inorganic coating is in the range from S to 15% by weight, calculated as 

inorganic oxide with respect to weight of metal oxide core particles. Suitable inorganic 
coatings can be applied using any appropriate technique and a person skilled in the art 
will readily be able to apply such a technique, A typreai process comprises forming an 
aqueous dispersion of metal oxide core particles in 1he presence of a soluble salt of 
1 0 the inorganic element whose oxide will form the coating, This dispersion is usually 

acidic or basic, depending upon the nature of the salt chosen, and precipitation of the 
inorganic oxide is achieved by adjusting the pH of tfta dispersion by the addition of 
acid or alkali, as appropriate. 

In a preferred embodiment, the metal oxide particles used to form dispersions of 
1 5 the invention are hydrophobic. The metal oxide particles may be rendered 

hydrophobic, fpr example, by application of a hydrophobic coating on the surface of 
the metal oxide particles. The hydrophobic ousting may be applied prior to formation 
1 h / . • . dispersion, or alternatively in situ, ie during dispersion formation, in addition, as 

^ described above, the particles may carry an inorganic coating. Therefore, the term 

?° . . — Of metal oxide", as used herein i&iaken to mean the complete patfU?le#t.e; 

the core particles plus any coating which has been applied. 

Generally, ihe metal oxide partiqles are treated with a water-repellent material in 
order to render them hydrophobic- Suitable water-repellent materials include fatty 
acids, preferably fatty acids containing 10 to 20 carbpn atoms, such as lauric acid, 
25 steanc acid and isostsaric acid, salts of the above tatty acids such as sodium salts and 

aluminium salts, fatty alcohols, such as stearyf alcohol, and silicones such as 
polydimethyisiloxane and substituted polydimethylsiioxanes and reactive silicones 
_- s ^£has - ■ 

The hydrophobic treatment can be applied using any conventional process. 
30 Typically, metal oxide care particles (uncoated or with an inorganic coating) are 

dispersed in water and heated to a temperature in the range 50 to BQ a C. A fatty acid is 
then deposited on the metal oxide particles by adding a salt of the fatty acid {e.g. 
sodium stearate) to the dispersion, followed by an acid. Alternatively, the metal oxide 
cgr© particles or inorganically coated pore particles can be mixed With a solution of the 
. *36_ - water-repellent materia? in an organic solvent, followed by evaporation of the solvent ^ 
In an alternative embodiment of the invention, the water-repellant material can be 
added directly to the dispersion of the present invention, during preparation thereof, 
such that the hydrophobic coating Is formed in situ. 
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Generally, the particles are treated with up to 20% by weight of the water-repellent 
1 material, calculated with respect fo the coated or uncoated core particles, as 

appropriate, and preferably in the rartfie from 0.05 to 3% by weight of water-repellent 
material, calculated with respect to coated or uncoated core particles. 
5 The dispersion according to the present invention suitably contains greater than 

30%. preferably greater than 40%, more preferably greater than 45%, particularly 
greater than 50%. and especially greater than 60% by weight of particles of metal 
oxide, particularly zinc oxide, based on the total weight of the dispersion. Generally it 
is difficult to produce dispersions containing greater than 75% by weight of particles of 
10 metal oxide. 

The metal oxide used In the dispersion of the invention is dispersed in a siloxane 
fluid dispersing medium. Any suitable siloxane fluid can be used, a principal 
requirement being cosmetic acceptability. One preferred type of siloxane fluid is a 
cyclic olrgomerlc dialkylsiloxene, $gch the cyclic pentamer of dimethylsiloxane 
1 5 known as cydomethicone. Alternative fluids include dimethylsiioxane linear oligomers 

□r polymers having a suitable fluidity and phenyltris(trlmethylsiloxy)siiane (also known 
as phenyitrimethicone). 

The dispersion may further contain conventional additives suitable for use in the 
intended application for the dispersion, such as conventional cosmetic ingredients 
20 used in sunscreens. Preferably, for maximum flexibility of use, the dispersion consists * 

essentially of the specified ingredients (particles of metal oxide, siloxane fluid 
dispersing medium and carboxyl group containing polysiloxane dispersing agent). 

The dispersions of the invention are particgfariy useful for preparing sunscreen 
products and other compositions intended to attenuate ultraviolet light- For such 
25 applications It is desirable that the dispersion strongly attenuates ultraviolet light but in 

use. i.e. when applied to the skin in a sunscreen formulation, is substantially 
transparent to visible light. When the metal oxide is titanium dioxide the dispersions 
preferably have, a maximum extinction coefficient for light in Hie ultraviolet range of 
wavelengths of at least 40, more preferably at least 50 litres per gram per cm. 
When the metal oxide is zinc oxide the dispersions preferably have a maximum 
extinction coefficient for light in the ultraviolet range of wavelengths of at least 15, 
more preferably at ieast 20 litres per gram per cm. 

The particles of metal oxide in a dispersion which in use is substantially transparent 
to visible light will have an extinction coefficient for light in the visible range of 
wavelengths preferably not greater than 10, more passably not greater than 5 raw* ; — — 
per gram per cm. 

The dispersions of metal oxides according to the present invention are preferably 
prepared by milling with a particulate grinding medium. A suitable mill which is 
employed to effect the grinding of the metal oxide product in the dispersing medium is 



30 



.as 
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one which uses a particulate grinding medium to grind the product. Typical of such 
mills are bead mills equipped with one or more agitators and using sand, glass beads 
or ceramic beads or other particles as the particulate grinding medium. Particularly 
useful are those mills which operate at a high speed and, depending on the size of 

5 mill, a speed in the range 5D0 to 5000 rev. per minute (r.p.m) is generally suitable. 

Preferably, mills operating at a speed in the range 800 r.p.m to 3000 r.p.m are used. 
Agitator mills in which the tip speed of the agitator is up to and can exceed 10 metres 
per second are of use. if desired the mill can be cooled. Generally, the dispersions 
are pre-mixed before milling using a high speed stirrer, but, in an alternative process, 

10 the dispersing medium is added to the mill initially and then the metal oxide and the 

dispersing agent co-added to the dispensing medium subsequently. After milling has 
been carried out for the required time the dispersion is separated from the grinding 
medium by screening through a narrow gap. 

Generally, this method can be used to prepare dispersions possessing the 

1 5 properties of the dispersions of the invention mentioned hereinbefore. In particular, 

dispersions which strongly attenuate ultraviolet light but in use are substantially 
transparent to visible light can be prepared using the method. Frequently, it is 
possible to adjust the light attenuating profile by adjusting the conditions (e.g. length of 
time, proportion of grinding medium, concentration of dispersing agent or metal oxide) 
- 20 ~ under which the milling carried out 

The dispersions of the invention an* useful as ingredients for preparing sndnuse 
sunscreen compositions. The amount of metal oxide present in the sunscreen 
composition is preferably in the range from 0.5 to 30%. and more preferably 2.0 to 
20% by weight of the composition. The metal oxide particles may provide the only 

25 ultraviolet light attenuators in the sunscreen composition, but other sunscreening 

agents, particularly organic sunscreens, may also be added. 
The invention is illustrated by the following non-limiting example. 
The following test procedures were employed: 
i) 29§I nmr was used to measure the number of non-carboxyl group containing 

30 monomer units (or a in formulae (1) and (3)), the number of carboxyl group containing 

monomer units (or b in formulae (1) and (3)), the a:b ratio, and the molecular weight of 
the polysiloxane dispersing agent. 

\l) Viscosity was measured using a Brookfield RVT viscometer at 25*, and results are 
quoted in Pa.s. 

8B.25 g of cyclomethicone. 11 .25 g of Monasil PGA (e* Uniqema} and 150 g of 
hydrophobically coated zinc oxide having an average primary particle size of 
approximately SO nrn (calculated from specific surface area) were mixed together and 
thoroughly agitated for 1 5 minutes. The mixture was then passed through a horizontal 
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bead mill operating at approximately 1500 r.p.m. and containing zirconia beads as 
grinding media. The mixture was passed through the mil! and was then returned to 
the p re-mix vessel and passed through the mitt a further three times. The optical 
characteristics of the resulting dispersion {as determined by UV spectrometry after 

5 dilution by a factor of 20,000 using n-octanol) are given in Table 1 below, where ^ax 

is the wavelength in nm at which maximum attenuation was observed end E ma ^ 
£303, E 36D and E 524 are ,he observed extinction coefficients in Ifg/om at ^max. 308 
nro, 360 nm and 524 nm respectively, 

10 Table 1 





E max 


E 308 


E 36 0 


E 524 


374 




13.3 


14.2 


2.8 
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CLAIMS 

1 . A dispersion comprising particles of metal oxide dispersed in a siloxane fluid and 
a dispersing agent which is a polysiloxane comprising in the range frpm 0.1 tp 3 
carboxyl groups per molecule* 
5 2. A dispersion according to claim 1 wherein the polysiloxane has a viscosity in the 

range from 0.2 to 10 Pa„$. 

3. A dispersion according tp either one of claims 1 and 3 wherein the polysiloxane 
has a molecular weight (number average) in the range from 4,000 to 15,000. 

4. A dispersion according to any qne pf the preceding claims wherein the dispersion 
1 0 comprises greater than 30%, more preferably greater than 40%, and particularly 

greater than 50% by weight of particles of metal oxide, 

rj( , w _,Jk. n ^^^on^cCTrdi|ift to any one of the preceding clssima wber&iP the 4 

polysiloxane comprises 0.8 to 2.5 carboxy) groups per molecule. 

6. A dispersion according to any one of the preceding claims wherein the 

15 polysiloxane comprises in the range from 30 to 200 non-carboxyl group containing 

monomer units. 

7. A dispersion according to any one of the preceding claims wherein the darbo^yl 
group is attached laterally, preferably only laterally;^ the polysiloxane chain. 

8. A dispersion according to any one of the preceding claims wherein the metal 
20 oxide particles are hydrophobe - 

9. A dispersion according to any one of tfie preceding claims wherein *h& aSoxane 
fluid dispersing medium is a cyclic oligomericdialkyisiloxane, a linear dimethyl- 
siloxane oligomer and/or polymer, and/or phenyltris(trimethyl5ilcxy)silane. 

10. A method of preparing a dispersion of metal oxide which comprises milling with a 
25 particulate grinding medium particles of metal oxide in a siloxane fluid in the presence 

of a dispersing agent which is a polysiloxane comprising in the range from 0.1 to 3 
carboxyJ groups per mplecule. 
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Abstract 

A dispersion contains particles of metal oxide dispersed in a siioxane fluid and a 
dispersing agent which is a polysiloxane containing in the range from 0.1 to 3 carboxyl 
groups per molecule. The dispersion is particularly suitable for use as an ingredient in 
5 sunscreenJng cosmetics. 
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